CHAPTER 1V
RESULTS AND DISCUSSION

In this study, the esterification of cotton under microwave energy was

introduced by formation of the mixed bonic/p-toluenesulfonic acid anhydride via

the carboxylic acid / toluenesuliony v Eg'dine method. Formation of mixed

acid anhy 7 s,d the reactive species.
Under microwave : en@dly increased in the system.
Therefore, the first caudi ‘microwave - adiation is the ability of thermal

stability of substance. action time are important factor

that should be considere

4.1.1 Effect of irr ve power on esterification of

cotton
The nd-power on esterification of
cotton using stearic aci ent, to uenesulfayl chloride as a catalyst and

pyridine as a co-cat Jmedium were investigated. The esterification reaction was
conducted in Ei/aﬂéi

.3 5] of o, 240§ goarc s, and 20/

of TsCl with ?ve different reaction time and six different mu&rywave power. The

experieri] ep e piesgnfed T4 41 ?‘%‘Ei”’?’ﬂ"ﬁ‘f““ e yield ef

esterification and microwave power at different reaction time is illustrated in Figure

4.1.




Table 4.1 % yield of esterification at different power microwave and reaction

time"
Condition
Time Microwave Power %Yield
(min) (w
0
0 | 0
7 56.43
1.30 " 7327
od 112.87
8t 102.97
4 90- 8.91
., 1800 50.00
0 81.19
2.30 Fy 0. 81.90
L BAS0 56.43
3.85
56.43
1 % 96.04
ﬁ% ™ 70, & 1A ﬂlg{g.%
K 11 Togdos
| 450 1968,
9 Wﬂﬁm i
' 180 126.73 |
3.30 270 138.61
360 99.01
4.00 90 77.67

2 Esterification condition: 3 eq/TsCl of pyridine, 2eq/OH of stearic acid, 2eq/OH of
TsCl
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For reaction time of 1.30 min, % yield of esterification did not change
significantly in at the early stage of microwave power and then rapidly increased with
increase microwave power of 180 watt. The maximum % yield appeared at 450 watt.
After that, % Yield of esterification decreased with increase microwave power. The
increasing of power beyond 450 watt in this case led to an increase in temperature

which resulted in cotton degradation as attested by drop in %yield of esterification of

For reaction tK l%d of esterification increased with

increasing microwave poMe @xin@d was reached at 360 watt and

then gradually. The d 3 ’\m'excess power can cause the

degradation of cotton Whemf€omparin ield fferent reaction times of 1.30
c oF | i ,- " &

it was found that when microwave

cotton.

and 2.30 min under

Y,
power less than 360 mmin -esterified cotton was

s
§ )i

less than 360 watt, the longer tf"f_he'ﬁﬁ's
e R
absorbed. This resuﬁed in higher” %yield"
b
Beyond power mic l.::---:—:-‘—'-:é—---,--.;-: --------------- ification of cotton obviously

v esﬁenergy absorbed led to the

ere esterified, the higher microwave

as seen in Figure 4.1.

decreased. High tem;ﬁaﬁi

degradation of cotton as gyell.
=

ﬂ]ﬂﬂdﬁgvﬁ EtJa % microwave power of
less than 270 watt, %yield of estenﬁgrio (ﬁgﬂﬂn ose of other reaction
time i e i i i ? aé ighest % yield
appemﬂamaﬁiﬁﬁumzlﬁﬁe ﬁpg?] g

The esterification was further conducted at 4 min. It was found that

%yield of esterification was less than that performed at 3.30 min. The drop of %yield
at 90 watt power microwave heating for 4.00 min was due to cotton degradation.
Although not graphically presented in this figure, %esterification did

not significantly change among these esterified-samples.
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From these results, it can be seen that critical irradiation time before
cotton degradation under 0-270 watt was 3.30 min. If cotton was to esterify between
270-360 watt, the suitable time between 2.30-3.00 min. Beyond 360 watt, cotton
would have to be microwave-esterified for 1.30 min, only otherwise it would start to
degrade.

However, when focussing on the highest %yield of esterification

without-degradation of cotton along with the resonable energy and time used, the

AULINENINYINT
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In the esterification of cellulose, dissolution of cellulose in DMACc/LiCl
solvent system may be accompanied by an interaction given in scheme 4.1. Stearic
acid introduces to reaction with toluenesulfonyl chloride in DMACc/LiCl to form
mixture of carbonic/p-toluenesulfonic acid anhydride as reactive species as show in
scheme 4.2. Reactive species have alternatives to reaction, €.g., attack the secondary

hydroxyl group first (due to the prlmary hydroxyl group is expected to be better

was obtained.

o AT

e and coworkers [7] offersthe mechanismy for formation of
reactnapwe,;iﬁl §lm M %’Qa’]g (&}q aj E} stearic acid in
this research reacts with toluenesulfonyl chloride and then producing a mixture of
carbonic/p-toluenesulfonic acid anhydride as reactive species. The increasing of
temperature generates energy to increase reactive species and possibly to increase
reaction rate of pyridine and toluenesulfonyl chloride in the system (see discussion in

section 4.1.2) as resulted in increasing %Yield.
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Scheme 4.2 Acylation ’ i‘i?‘_ »\_/"' ing in situ activation of

5 . , iyl X N
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sarbonic /p-toluenesulfonic

\
]

acid anhydride

eason for this enhancement in

s and-duration
.,
A

atibility of reaction ingredients,

acetylation upon in y,— /€ POW eaction was probably due
to the favorable effect ©

diffusion of esterifying ‘ggglt, mobility of ttl;e reactant molecules, and absorption of
the reactant ifyi I in this yield could be
ascribed by ﬂﬂ%ﬂﬂﬁoﬁﬁlﬂﬂiﬁom the recommened
optim i {ction time to €steri of ¢ ttofi-via the stearic acid/
toluexa\ﬁﬂﬁﬁﬁﬁmﬁlﬁiﬁ ﬁﬁi&n are 270 watts
and 3.30 min, respectively. Since under these conditions, the maximun %yield can be

achieved using moderate power and resonable reaction time.
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4.1.2 Effect of equivalent weight of pyridine/TsCl on

esterification of cotton

Esterification of cotton conducted in DMAc/LiCl system using TsCl as
a catalyst and pyridine as a co-catalyst /medium at different equivalent weight of
pyridine/TsCl was studied. Esterification was carried out at 270 watt for 3.30 min,

2eq/OH of stearic acid, 2eq/OH of Ts d with four different equivalent weight of

e summarized in Table in 4.2. The

with equivalent weight of

pyridine/TsCl is shown in g4.2 and Fig B ectively.

Table 4.2 % yield erification at  different

equivalent weight of " Py

Equivalent W

ofpyndme/TsC — =
—Ls Wﬂ-‘f

1 0

126 47 49.27

ﬂummmgmm;s
AW &Nﬂiﬁu UPAINYINY

6 175.49 81.11

PEsterification condition: 2eq/OH of stearic acid, 2eq/OH of TsCl ,reaction time =3.30

min, power out put =270 watt.
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Figure 4.3 The relationship between % esterification and equivalent weight

of Pyridine/TsCl
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As shown in Figure 4.2 and 4.3, the %yield of esterification and
%esterification strongly affected from the equivalent weight of pyridine/TsCl ratio.
The % vyield and %esterification increased with increasing equivalent weight of
pyridine/TsCl ratio. Due to the activate energy for acetylation reaction of pyridine is
less than that of TsCl so the concentration of pyridine have strong affect than TsCl
[96]. As seen, under these conditions, the cotton could not be esterified at 2 eq. of
r and % esterificationwere both zero.
& nt weight of pyridine/TsCl ratio
more than 4 led to th e sﬂe r@d loss of homogenous in the
system as attested by cL e of esterifie that obtained in final step.

pyridine/TsCl; i.e., %yield of ¢

However, it was found th

Morever, for 5 eq. of p c/TsC mdesirat e reactions can be confirmed

by the results from d’

besides the main meli

Table 4.3 % Sulfur and ch e--- ' 1ain of cotton ester. (from XRF

pyridine/TsCl

ﬂ‘iJEJ’mﬂﬂiwmﬂ‘i :
ama\aﬂmu%ﬂ'mmaﬂ

4 69.45 - -
S 131 0.03 1.09
6 81.11 1.82 2.72

*_ not found signal or less than .002%



According to the result of Gakkaishi and coworkers [69], they found that
cellulose can be reacted with TsCl in pyridine to form tosylcellulose as shown in
Scheme 4.3. Therefore, at higher concentration of pyridine (equivalent weight of
pyridine/TsCl ratio more than 4), pyridine performs as acetylation medium leading to

undesirable side reactions of tosylation.

In the j i o ce ) - via the long chain carboxylic acid /
toluenesulfonyl chlorid nethod, it was'fo nd that general mechanism for
esterification was still ' ‘\ osh and coworkers [96] offer

mechanism for esterification of ér-"ﬁi DMAe/LiCl with acetic anhydride using
P 2k |

TsCl and pyridine as catalyst.-Therefa nilar to their work, instead of acetic

7 i phads ) 4 2

anhydride. The overall te /& mechanis

esearch is proposed in Scheme

sa

] g
AULINYNINYINT
RN TUANINEIAY
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Step I : Dissolution of cellulose

Stepll : Formg

o]

Il
R—C—OH + Cl—ﬁ

[
CH; + R—C—O—C—R

AULINENINYINS
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Step I1I : Alkyl substituents

a) By toluenesulfonyl chloride

TR WT'JCJ/] JINY
}\ + " X—OH
v ‘c|r: SO0l

X = ostCHg, -COC17H35

R = -Cy7Hss
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b) By pyridine

Hyf

N |
jﬁ%@ﬂ%ﬂﬂﬂ
R RSN INGIRY

q
" 1
T=o X = -Oﬁ‘@'CH;, , ~COCy7Hss
R
R = -CysHss
Scheme 4.4 Overall tentative mechanism of acylation of cellulose in

DMACc/LiCl using in situ activation of the carbonic acid by formation

the mixed carbonic /p-toluenesulfonic acid anhydride
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4.1.3 Effect of concentration of stearic acid and toluenesulfonyl chloride

on esterification of cotton

Esterification of cotton performed in DMAc/LICl using stearic acid as
an esterifing agent and TsCl as a catalyst at different equivalent weight of stearic acid

and TsCl was investigated. Esterification was carried out at 270 watt for 3.30 min

%esterification are sk

AULINENINYINT
RIANIUNRINYIAY
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Figure 4.5 The relationship between % esterification and equivalent weight of

TsCl at  different equivalent weight of stearic acid
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As shown in Figure 4.4 and 4.5, for 0.5 eq. of stearic acid, % yield and %
esterification have no significant effect for 1-2 eq. of TsCl, however increasing
amount of TsCl cause an increase in these values. The concentration of TsCl shows
influence on esterification at lower amount of stearic acid. In this synthetic method,
esterification reaction was controlled by concentration of stearic acid and TsCl via
formation of stearic/p-toluenesulfonic acid anhydride as active species. The high
concentration of TsCl at low concentration of stearic acid restricts the amount of

active species in system but excess\aﬂcf?/)f TsCl acts like catalyst in the system

(Scheme 4.4 a) resulting in mcreasmg 0 d and %esterification at eq. of TsCl
more than 2. However, ug@gﬁie s1dgreacﬁf chlorination and tosylation (from
XRF, Table 4.5) was t eq.Mmore than 3, clear signal of

ount of the Ts€l concentration in the system

chloride was obtaine
probably led to chlori
For 1 eq. of st

homogenous in system andfdﬁié)i "the{@asing of active species (caused by
competition of side ieactlon‘oﬁt‘iblonqatfe&'ﬁ*.!hown by _s1gnal of chloride in XRF,

concentration of steari¢ acid leads to an incr in the reaction of stearic acid the

with the TsCl, causmg an increase in the formatlon O{JSteanc/p-toluenesulfomc acid
anhydride into- T ﬁ/ 1 ..of TsCl more than 3, the
reduction in @ﬁﬂh‘aﬂﬂ ﬁ ﬁm 'ile 4.5) because of the
reducti ess amount of TsCl'in the systemis

ﬁ Wﬁ \iﬂ ﬁlm ﬁ’) ,; m &{of]i@%el with increasing

eq. of TsCl until maximum value are reached at 3 eq. of TsCl and then decrease. It
can be clearly observed that the optimum ratio of eq. of stearic acid and TsCl had
mark influenced on esterification via formation of stearic/p-toluenesulfonic acid
anhydride and reduced side reaction of chlorination. However, increasing of %sulfur
can be probably due to side reaction of tosylation, and it is possible to occur via
formation of p-toluenesulfonic acid anhydride in system. The drop in % yield and %
esterification at eq. of TsCl more than 3 is probably due to excess of TsCl and stearic

acid leading to the loss of homogenous in the system and/or the declination of active
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species (caused by competition of side reaction of chlorination and tosylation as
attested by signal of chloride and sulfur in XRF, Table 4.5).

For 3 eq. of stearic acid, % yield and % esterification increase with increasing
eq. of TsCl. The comparative effect of stearic acid concentration between 2 and 3 eq.
at same eq. of TsCl was observed. At 2 eq. of stearic acid, show better results in terms
of higher % yield and % esterification, and lower undesirable side reactions can be

found, clarifying high conversion of cotton to cotton stearate. The drop in % yield and

9% esterification at 3 eq. of stearic, agi use excess amount of TsCl and stearic
acid leads to the loss of ho s ﬂr the competition of side reaction

as chlorination and tosyl

Table 4.5 % Sulf cotton ester (from XRF

technique)

& 022%F P22
¥ 8.22 7.39

*

%S g - 0.13% o017

1@' U ET’.j NERINE N ‘j: 282 4.07
QRIAINTUPAINA Y 2

- 1.24 2.02
3 %S - 0.03%*  1.26 272
%Cl -+ 0.04**  3.79 6.00

*  not found signal or less than .002%
** could be neglectful
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Finally, it can be concluded that the optimum ratio of eq. of stearic acid and
TsCl had mark influenced on formation of stearic/p-toluenesulfonic acid anhydride,
and can reduce undesirable side reactions of tosylation and chlorination. Based on
these results, the recommended optimum conditions for esterification cotton via the
stearic acid / toluenesulfonyl chloride / pyridine method under microwave energy are
2eq/OH of stearic acid, 2eq/OH of TsCl, 4 equivalent weight of pyridine/TsCl, at 270

watt for 3.30 min. From this condition the optimum %yield and %esterification can be

AULINENINYINT
RINNIUNRINYIAY
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4.2 Characterization of cotton stearate powder

4.2.1 Chemical Structure

Functional groups of the cotton stearate were characterized using FTIR
technique. The IR vibrations of cotton and cotton stearate are given in Table 4.6.

Spectra of cotton and cotton stearate are shown in Figure 4.6.

Table 4.6 Infrared Vibratic ts for cotton and cotton stearate
*\:\\i
7 4

ﬁ \ents
Wavenumbe onment and Remarks
i ////‘“\‘\\ £
Cotton ' \
3000-3650 ' retching
2900 \\\ X etching due to CH;
1638 4 Qfbending
1431,1372,1338,1319 ;’!fjj’_‘, ., CeH bending
1164,1032 AR < -O bending
1115 o= L €-0 bending due to 2° alcohol
1059 ~c,—=—;:;; ing due to 1° alcohol
v-' \‘
|
Cotton stearate 'U ' %
3000-3650 ‘ . wﬁ }je hi
2925 285ﬂ u EI‘ ,J Vl EI V.I { s eﬁiﬁ due to CH; and CHj;
1752 C=O stretching g,

ARIAINTUURGRENG Y

12381165, 1116, 1060, 1035 C-O bending due to C-OH and C-OR
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The comparison of FTIR spectra of cotton and cotton stearate is
presented in Figure 4.6. The IR spectra of cotton stearate powder displays different
bands from the cotton spectra. The spectrum of cotton stearate provides evidences of
esterification by showing the presence of two important ester bands at 2850 (C-H
stretching) and 1752 (c=o ester) cm”’. Moreover, another evidence can be seen by the
intensity at 3000-3650 cm™ (O-H). The presence of carbonyl (1752 cm'l) and methyl
band (2850 cm™) results from acyl substitution of long chain aliphatic on hydroxyl
group of celluloses. Whereas, de ‘ in the intensity of hydroxyl groups of

ence of hydroxyl groups, which

replaced by long chain ali

Obviy ific :,Mn stearate increased, the IR
exhibits strong carbony S . and methyl absorption (2850 and 2900

xyl group of cotton (3000-

Figure 4.6 Infrared spectra of (a) cotton and (b) cotton stearate powder
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Figure 4.7 InFLH giiu ;!tmj:mﬂ s'tlatltjmwder at different %o
TRy
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4.2.2 Thermal Properties
4.2.2.1 Thermogravimetric Analysis (TGA)

The decomposition temperatures of cotton and cotton ester powder
were determined by thermogravimetric analysis. TGA curves of cotton and cotton
stearate are showed in Figure 4.8. The onset of decomposition temperature and

percent weight loss of cotton and co t r are summarized in Table 4.7

The TGA curv\\f)}\ &Flg 4.8a) shows two significant
steps of weight loss. The ﬁM‘mposm curring approximately at 90-100
°C must be correspo V de mmesture in cotton. At higher
temperature, the 76.27% " 3

corresponds to the d

In contra 3!8‘7/& sés riﬁc fion, the cotton stearate was obtained
caric acid/OH, 2 equivalents of

A thermogram shows different

using stoichiometric fatigl of 2 equivale
TsCl/OH, and 4 equivalent ©f pyridine/I
degradation temperature ﬁl}ﬁhe@g 4.8b. Three significant stages of
weight loss can be observed, The first: dqmtlon at about 220 °C corresponds to
the decomposmorg(_oiah hatic hydrocm_‘bon cha.xm‘eﬁ acid (9.82%), the second
decomposition betwéen 230 and 350 °C cor decomposition of cellulose
(63.66%), and the ialt decomposmon etween 43(1,Lnd 460 °C corresponds to
decomposition of li i (474%) ecrease in decomposition temperature of
lignin compﬁ ljm é@l i}nﬁowaa z]a 7] probably due to the

partially dlSSO?ljltlon of lignin strugture in DMﬁg/LlCl solventGhe less amount of

i A o NS U B G ering o

experirﬂental result of Thiebaud et. al [97], that acyl groups in the esterified samples

were eliminated in the form of volatile product and did not contribute to carbonized
residue.

Moreover, it was found that content of TsCl and pyridine has affect on
the thermal degradation behavior of cotton ester. As presented in Figure 4.8c, at
81.11 % esterification, obtained using stoichiometric ratio of 2 equivalents of stearic
acid/OH, 2 equivalents of TsC/OH and 6 equivalent of pyridine/TsCl, large or board

decomposition temperature can be observed ranging from 170 °C to 270 °C. This



87

degradation step is too large to be attributed solely to the single decomposition of
aliphatic hydrocarbon chain of stearate. As evidenced from XRF analysis, it should
also be the decomposition of sulphonate and chloride, as well. The decomposition
temperature of cellulose itself is hardly seen from this thermogram, probably due to
overlapping of its degradation temperature to those of stearate and sulphonate as
mentioned earlier. According to the similar experiment reported by of Yu-ichi et al.

and Heinze et al[69], it is probably due to undesirable side reactions such as tosylation

as evidenced in XRF. | §‘M ,y{é

%W&ghf bss / f L s o -
“ 1 % .
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AUEINYNINYINT
Figure 4.8 Thermal analysis offcotton and .eotton ester; (@) cotton (b) cotton

o WEAD B0 S B b b, s

and -cl?lorinate at 81.11% of esterification
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4.2.2.2 Different Scanning Calorimetry (DSC)

Thermal transition temperature was characterized by a differential
scanning calorimetry (DSC). The melting temperature (7, ) of the cotton stearate
powder was taken as the maximum of the endothermic peak from third heating scan.

The heating cycle of DSC thermogram for cotton is demonstrated in
Figure 4.9. Thermogram of cotton reveals distinct transition that occurring at a

temperature of 129.14 °C. This \lé(‘ Eg rmic peak corresponds to melting

temperature of cotton an \dwlgna .1 or high-temperature melting

endothermic peak. Howe t show second-order transition

For cottonstearaté 38 éﬁ%ﬁion, the DSC thermogram
=9 .
reveals two separate transifion temperatu ownin Figure 4.10. The first melting

4m °C, whereas the second-order
seenat ) hq&acyl substitutent on hydroxyl
groups of cotton destroys ¢ T * : e ization of hydrogen bond in cotton
stearate as attested by thefabsenes ol lar igh-temperature endothermic peak of
cotton. The appearance of low-e'fﬁpl ,a dothermic peak 24.82 °C is resulted
from melting of s1d§-cham crystalhzaflon‘demg_n“ g‘T 1. These results are in

good agreement to.fhe work of Sealey et al | be concluded that low-

temperature endother@c peak was attrik
chain aliphatic substitutg {é{earic acid). In &gdition it was found that the appearance

of barely wsﬂ % ESB W lﬁﬁ% w EJZS'Fﬂdjs an effect of the few

hydroxyl groulw remaining. It is poﬂ,s51ble due to enthalpy relaxatlon associatied with

R A A R e

sulphonate), undesirable side reactions of tosylation and chlorination occured. The

0 el tin%j)f side-chain crystals of long

DSC thermogram reveals four separated of transition temperatures as presented in
Figure 4.11. These four endothermic peaks occurred at a temperature of 22.46, 31.29,
45.78, and 70.16 °C. It is difficult to identify these endotherms without X-ray
diffraction. However, it may be possible to believe that the first endotherm resulted
from melting of side-chain crystals, whereas the other three endotherms might be

resulted from melting of undesirable side reactions of crystals, such as chloro- and
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sulphonate derivatives (it is possibly due to enthalpy associated each other). The

values obtained for all samples are summarized in Table 4.7.

YHANYNINYINS
AR 9N IDINTI
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Figure 4.10 DSC thermogram for third heating scan of cotton stearate




90

rexo

ratnl
“reelttmd c l‘,» .}g a
264 L
k47

feinet .58 "¢

Figure 4.11 DSC thermogram

stearate, -sulphonate ang '

o'? . ’\\\ cotton derivative of —

ﬁ
f"r "-'J

‘ﬂ" ‘ ' --,m*l
Table 4.7 Therm rate and cotton derivative

of —stearate, -sulpho -i ite 2

Sample ¢a T&l’("C) | T ¢C) T CC)
Cotton Fi IjEl 3 “EIPI ;?QEI ”I l - 129.14
Cotton stearate* 24.82 &, =

cmm&amrlwmmm&'l a El -

* 71.38% of cotton stearate

** 81.11% of cotton derivative
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4.2.3 Solubility

Solubility determination of cotton stearate was performed in common
solvents and solvent mixture at a solvent-solid sample ratio of 25 to 1. if the samples
were insoluble at room temperature, they were heated up to 100 °C or to the boiling

point of solvent. The solubility of cotton stearate samples is shown in Table 4.8.

Table 4.8 Solubility of cotton este at % esterification

No. %esterification DMF Toluene Chloroform

1 0 (cotton) - - -

2 1.83* - - -

g 11.01* + + +

4 22.94* () ++ E s ++
YV S— f

5 55.14* E - i + ++

. AUEIMENINYNT - -
AT TUNAINY TR ¢

- Insoluble

+ partially soluble at 100 °C or at the boiling point of solvent
++ completely soluble at room temperature

* o sign of sulfur and chloride

** found sulfur contents in composition
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From Table 4.8, the cotton is insoluble in any common organic liquids,
whereas the cotton stearate begins partially dissolve in common solvents, like DMA,
THF, DMF, toluene, and chloroform' at 11.01 % of esterification. Due to the
abundance of hydroyl groups along the cotton of cotton chain, it has the tendency to
from intra- and intermolecular hydrogen bonds with adjacent cotton chains, resulting
in the formation of crystals. These crystals or crystallites make cotton insoluble in

normal aqueous solutions as well as in common organic liquids. However,

increasing of acyl substituents destruction of the highly organized
ructu ' se the lipophilicity of polymer as
MF, toluene and chloroform of

£ sulfur and chloride atoms as

hydrogen-bonding of cotto
results in sample compl

the cotton stearate at 22.

t no sign of tosylation and

chlorination. Howev - q : e No. ntained sulfur and chloride

atoms. It is probably jons such as tosylation and
chlorination. Therefore, t O (polar solvent) of sample no.7
are resulted from introd roup into cotton structure. It can be
concluded that sample no.7 olar group of cotton sulphonyl and

cotton. In addition,ljif 1ty is proportional to the

AUEINENTNYN
QRN TR INNY
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4.2.4 Morphological Studies

The SEM micrographs of cotton and cotton stearate are presented in
Figure 4.12. After acid hydrolysis, waste cotton fabrics were hydrolyzed and became
powder as seen by naked eyed. However, under microscope, morphology of cotton
revealed short fiber shape with approximatly 10 pm in diameter, while the cotton
stearate revealed granule shape and larger dimension. The different morphology
between cotton and cotton stearate are\ Iiei)?d from acyl substitution of stearic acid.

%ﬁytearate lead to aggregation of acyl

—— epemm— .
group on surface of cotton-stearate. Obwiouslys-it-eainbe seen that aggregation of acyl

The acyl substitutents on hydroxyl group

on surface of cotton stW ised with an increasing of % esterification as shown

in Figure 4.12 b and c.

©

Figure 4.12 SEM Micrographs of cotton sample (a) cotton (b) cotton stearate at

55.14% of esterification (c) cotton stearate at 71.38% of esterification
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4.3 Characterization of cotton stearate films

4.3.1 Gloss

The physical appearance of the cotton stearate film at difference

ies were measured. The gloss values were

%esterification in terms of surface pr:

summarized in Table 4.9.

e —
Table 4.9 Gloss value ’ .. s % ste -- ion of cotton stearate films
45.41 o ' 2.0
a::r o\ \ ¢

55.14 51.28 £ 1.26

71.38 49.96 £+ 1.60

*Gloss of standa —-——-__‘
0 : )

gi EIIH 0SS ags of cotton stearate film increase with
increasing % €s ﬁ ’} ML u&}f a“ t after 55.41%.

s result can be explained by,the fact that gloss of materials is

duect@n%ﬂeﬂtm sﬂ)w w&rx}%q\a E}neans that the

smooth %r even surface yields the greater gloss value. Increasing of acyl substitutes

brings about a significant increase in gloss values of film. As shown previously,
increasing acyl substitutes led to an increase in solubility of cotton stearate in
chloroform. Therefore, at higher %esterification, smooth or even film surface can be

obtained because of homogenity between solvent and cotton stearate.
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4.3.2 Wettability

The interesting property of film is surface hydrophilicity which was
evaluated by means of contact angle determination. Three samples of cotton stearate

film with different % esterification easured and their contact angles are

summarized in Table 4.10.

% Esterifi€ati g ‘Contact Angle (Degree)

85.6+0.89

v i¥ §
71.3§ 68.4 £ 0.80

AUPANENINEINS
RIAINTUNRINYIAY
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From the above table, the contact angle decreased with increasing
% esterification until the minimum value was reached at 55.41% and slightly
increased later. In other words, wettability of the cotton stearate film increased with
increasing the % esterification up to a certain limited value. This result can be
explained in terms of the change in hydrophobility of cotton surface upon
esterification reaction, and will be further supported by the results of water absorption

as presented in the next section.

ydrophobic because the tendency
i '@sive intra- and intermolecular

s ffect on penetration of water.

ication, at higher degree of

In general,
of hydroxyl groups to
hydrogen bonding. C
Comparing to the

esterification, 55.419 nts or decreasing hydroxyl

groups in cellulose . - 1o “in hydrophobicity and degree of
crystallinity of cotton sl be absorped on to the cotton
surface easier as shown e value. However, alkyl groups
also have hydrophobic pr J > o esterification of cotton more
than 55.41%, the presence o%& -":'-- ydrophobic aliphatic groups in

cotton chain plays an

ﬂﬂﬂ’ﬂﬂﬂ‘ﬂ‘iﬂﬂ?ﬂ‘i
Q‘W']ﬂ\‘iﬂ‘ﬁm UANINYNAY
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4.3.3 Water absorption

Water absorption of three cotton stearate films were evaluated by
measurement of %water uptake. The effect of % esterification on water absorption of

4.11 and graphically compared with contact

cotton stearate films is listed in Table

angle values in Figure 4.13.

7 v\\
14.24 +1.33

30.89 + 1.10

1 00.02£252

iF |

ﬂUEJ’J‘VIUVI?WEﬂﬂ‘i
ammnimumawmau
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Figure 4.13 Effect of %este fication on- r absorption (%) and wetability of

cotton stearate film

F )

Obvimgy, as shown in Figure 4.13, opﬂsite trend was observed for
the water absorpti ';ﬁ m‘ ! values. The ability to
absorb water mﬂﬂ tm i mﬁ, esterification until its
maxi ; ached at 55.41% and decreased afterwards. This result is in
goo:g:ﬁrm }iﬁ\%m waalgnm:l@egted in previous
section, ?md reason for these results is similar to that discussed eariler.

The interaction of hydroxyl groups of cellulose to form intermolecular
hydrogen bonds between neighbouring cellulose chains results in the formation of
crystallite strands. The hydroxyl groups of cellulose were partially replaced by long
chain fatty acid of acyl substituents to produce cotton stearate. At higher
% esterification, 71.38%, the ability to absorb water decreased. This probably due to

the hydrophobicity and the side-chain crystallization of aliphatic chain in cotton

stearate film.
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4.3.4 Mechanical Properties Characterization:

Tensile Properties Evaluation

The tensile properties of cotton stearate film at various % esterification

of cotton are summarized in Table .. The effect of % esterification of cotton on

Modulus of Elongation at
tic (MPA) break (%0)

No. % Esterifice

of cotton

1 45.41 147.73 £ 17,13 225+ 0.46

-
-

60)= 16.71 3.06 + 0.62

T
!
3 7138 & ;567 0.41 'y, 330.81 +33.97 3.94 + 0.28

2 55.1 v_'

B (TGOS IEEE
ARIANTUNMINIAY
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Figure 4.14, 4.15 and 4.16 illustrate the effect of acyl substituent of
stearic acid content on the tensile properties of cotton stearate film. Obviously, the
tensile properties of cotton stearate film are dependent on the amount of acyl
substituent of stearic acid. As increasing % esterification of cotton, the tensile
strength, tensile modulus and %elongation at break were increased. The increasing of
tensile strength and tensile modulus as increasing of acyl substitutent may be due to
increase in side chain crystal thickn 8. Dué to the parts of the side chain that overlap
and crystallize become larger ¥ ith ir readin cyl substituent. According to the
experimental result of Sealey et al | e@d that crystallization is limited

or nine methyl unit, and that

to part of side chain ¢

crystals incorporate @ ain from neighboring main

chain. Therefore, ineréasi ease in side chain crystal
and tensile modulus.
The slightl casingvof” %, elong ation as increasing of acyl

substitutent may be due tohefiniernal ; g i v: ect from non-ahgnment part or

g
3

]
w
8
g 21
2
7
8
=

2
=

1+

0 i t | t : : + f : f
20 30 40 50 60 70 80
% Esterification

Figure 4.14 Tensile stress at maximum of cotton stearate film at various %

esterification
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Figure 4.16 % Elongation at break of cotton stearate film at various %

esterification



102

4.4.5 Biodegradation : Weight loss

Biodegradability of cotton stearate films was carried out by soil burial

Table 4..13 i films during soil burial test

%Esterification i:\ ation Time (Day)
of cotton
15 20 25 30
45.41 496 994 15.20
: |
5514 92 571 831 1273 18.31

71.38 @l u ﬂ"aa V.I ﬂ‘ Vlljw(ﬂ ’]ﬂ ‘iO.58 12.56 21.16

RAINTUNAINGIAY
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—e— 45.41% Esterification
20 4 —m— 55.14% Esterifiation

s+ 71.38% Esterification .
L /

10 7

%% Weight loss

- N,
Figure 4.17 f eottor ﬂﬁ during soil burial test

can be explamed , ................ ..;‘__._:,;_: s-thett Crystallinity or amorphous
region, mlcroorgams perature an y con ; 100, etc.

The welght loss of cotton stearate films are resulted from consumption
of microorg can degrade cotton by
ingesting the carbon molaamJ?TZﬁm lose in their disgester
syste Elf ﬁ:ﬁg e, the molecular
chamﬁmiﬁnﬁ ﬂﬁuc 0 aﬂ qil‘;%ljackbone, hence
% weight loss of the films increased.

In addition, when considering the effect of % esterification , it was
found that % weight loss also increased as a function of % esterification. This result
can be explained by the fact that the increasing of long chain aliphatic acid (stearic
acid) contents led to an increase in amorphous region which is the portion that mainly
consumed by microorganisms. Moreover, the amorphous region can faciliate the

accessibility of water into the film which is also another factor promoting the

biodegradable reaction. The appearance of cotton stearate films after soil burial
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exposure at different time are revealed in Figure 4.18. Obviosly, the remarkable
change of the cotton stearate film at 71.38 % esterification can be observed within 15

days of exposure.

L

foras
>~
o

T T . .
Figure 4.18 The appearance of cotton stearate films a},different % esterification
-

after soil burial aff(gfferentexposun—ﬁme-(a}%%jﬁsteriﬁcation (b) 55.14%
- 3"

esterification (c) 71.3Sf% esterification 7

= T

To comfirm “these results, the SEM micrographs of cottton
stearate-film.before. and after.30.days of soil.burial exposure were demonstrated in
Figure 4.19. Forn Figure 4.19; cotton(Stearate filnis show cavitieés on.the film surface
and these cavities increase with %esterification. This result is similar to the result
from soil burial test. Thus, it might be comfirmed that long chain aliphatic acid
(stearic acid) portion can be consumed by microorganisms.

Conclusively, upon increasing %esterification an increase in
appreance of cavity on film surface because of an increasing of portion that can be

consumed by microorganisms
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Figure 4.19 SEM micrographs of cotton stearate film at (a) 71.38% of

esterification/Beforesoil burial(h):44.41% jof esterification after 30 days of soil
burial, (c) 55.14% of esterification after 30 days-of soil burial, and (¢) 71.38% of

esterification .after 30 days.of soil burial
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